Liquid / Liquid Near Interface Analysis by Micro-XRF Using Needle-Type Collimators by Nishida, Yoshihiko & Tsuji, Kouichi
Liquid / Liquid Near Interface Analysis by Micro-XRF Using Needle-Type Collimators 
Yoshihiko NISHIDA and Kouichi TSUJI 
(Received October 14，2012) 
Synopsis 
We have developed a method of micro XRF using injection needle-type collimators. Two injection 
needle-type collimators were attached to an x-ray tube and the detector. The beam size ofthe primary x-rays 
was evaluated to be 740μm， depending on the inner diameter of the first collimator for excitation. These 
injection needle-type collimators were inserted into solution samples. The end of each collimator was 
covered with an x-ray transparent plastic sheet. The x-ray f1uorescence was detected by an energy-dispersive 
detector through the second collimator. The positions of the two i町ectionneedle-type collimators were fixed， 
while the glass container for sample solution was moved in x-y-z directions. Therefore， itwas possible to 
perform in-situ XRF depth analysis and 3D-XRF analysis in the solution. This technique was applied to 
liquid-liquid near surface analysis. The distributions of Cu in HCl solution and Fe in MlliK solution were 
successfully obtained near the liquid-liquid interface. 
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1. Introduction 
X-ray f1uorescence spectrometry (XRF) has an advantage in that it can be operated at atmospheric pressure 
without complicated sample preparation of many types of samples including solid and liquid samples.') In 
XRF analysis of liquid samples， the primary x-ray beam usual1y irradiates the surface of the sample solution 
(or the back of the solution thorough an x-ray transparent window) and XRF signals are detected at the 
outside of the sample solution， as shown in Fig. 1 (a). This usual method has a drawback in that the 
analytical depth in the liquid sample is considerably short because of strong absorption of the x-rays in the 
liquid. 
Solid-liquid and liquid-liquid near interfaces are important sites where chemical reactions such as corrosion， 
metal plating， and solvent extraction occur. Therefore， an analytical method for in・situmonitoring of liquid 
samples has been required. The author's research group proposed in-situ XRF analysis of solutions using a 
monolithic glass collimator for the excitation and detection of x-rays_2) The primary x-rays were introduced 
the glass tube (diameter: about 10 mm). The end of the glass tube was covered with an x-ray transparent 
plastic sheet. This glass tube was inserted into the sample solution， and the primary x-rays directly irradiated 
the solution through the plastic sheet. The x-ray f1uorescence produced in the solution was detected through 
anotl町 glasst肘 byan ene培y-dispersivex-ray detector. To accomplish rnicro x-ray analysis ofthe solution， 
we proposed an XRF spectrometer using injection-needle type collimators as shown in Fig. l(b)ー)In a 
previous s加dy，injection needle-type collimators were inserted in an oyster (soft samplゆ.Quantitative XRF 
analysis of Zn at a specific position (any x-y position and any depth) was performed.吋 However，analysis 
was difficult because the positions of the two needles changed in the solid material. In this paper， the 
technique was applied to the XRF analysis of solutions. We can企eelyposition the injection needle-type 
collimators inthe solution for XRF analysis of a specific region in the solution. 
2. Experimental 
Figure 1 (b) is a schematic diagram of the XRF spectrometηr using injection needle-type col1imators. In this 
work， the needle-type collimators were made of titanium tube (p町ity:99.5%， outside diameter: 1.58 mm， 
inside diameter: 1.38 mm)， and attached to an x-ray tube (Mo target， 40 kV， 20 mA) and an energy-dispersive 
x-ray detector (AMPTEK Inc.， USA; XR-I00CR， sensitive area: 7 mm2， energy resolution: 187 eV at 5.9 
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keV). An x-ray tube and an x-ray detector were placed at a 900 angle between the primary x-ray beam and 
the direction of detection as shown in Fig. 1 (b). Both collimators were 3.5 cm long and the angle of the top 
of the needles was 450. The tops of the collimators were covered with polyimide film (thickness: 7.5μm) to 
prevent the solution企ombeing introduced into the collimator. 
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Fig. 1 Schematic diagrainS of conventional XRF (a) and micro-XRF using injection needle-type 
collimators (b). 
3. Results and Discussion 
3.1. X-ray beam size 
The beam size of the primary x -ray beam was evaluated by a wire scanning method. A Cu wire (diameter: 
30μm) was placed near the top ofthe collimator. The intensities ofthe x-ray f1uorescence were recorded as a 
function of wire position. Figure 2 shows the intensity profile of Cu Kαas a function of scanned distance. 
The FWHM value of this profile was 1046μm. As shown in the inset of Fig. 2， the actual beam size should 
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Fig. 2 Cu Kαintensity profile as a function of scanned distance. 
3.2. Optimization of analytical region 
The distance between the two needles was optimized by monitoring the intensity of the x-ray f1uorescence 
originating 合omthe liquid sample. Inthis paper， the distance between the needles is termed the “needle 
distance". Fig. 3 (a) shows the relationship between Ni Kα intensity (7.47 keV) and the needle distance for 
Ni(N03h solution. The measurement time was 300 s per point. 
When the collimator touched the other collimator， we defined the needle distance as 0 mm. As shown in Fig. 
2， the x-ray f1uorescence of Ni Kαwas detected with the highest efficiency at a needle distance of 600μm. 
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Other solutions of different elements were also investigated. Fig. 3 (b) shows optimized needle distance as a 
function of the energy of x-ray fluorescence. When the energy of fluorescence x-ray was 8.6 keV or more， 
the optimized needle distance became saturated at about 1 mm. This result indicates that the needle distance 
should be adjusted to an optimum distance. 
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Fig. 3 Relationship between needle distance and relative intensity of Ni Kα(a); effective 
needle distance as a function of x-ray fluorescence energy (b). 
3.3. Detection limits 
For quantitative analysis of a solution sample by micro-XRF， the relationship between Zn Kαintensity and 
the concentration of Zn was investigated at a measurement time of 1000 s and a needle distance of 1000μm， 
where Zn Kα(8.6 keV) was detected at the highest intensity. A linear relationship (correlation coefficier】t:
0.999) is shown in Fig. 4. The detection limit of Zn was evaluated to be 2.0 ppm. Similarly， the detection 
limits ofFe， Cu and Pb were evaluated to be 6.1 ppm， 3.7 ppm， and 6.5 ppm， respectively. The Ti injection 
needles contain a small amount of Fe as impurity. Because of the x-ray fluorescence originating合omthe 
needle-type collimators， the detection limit of Fe was higher than that of the other elements. The detection 
limit of Pb was high， because a Pb Lα(10.6 keV) peak was observed on a large continuous x-ray spectrum. 
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Fig. 4 Calibration curve of Zn Kα. 
3.4. Liquid-liquid near interface analysis 
Finaly， in-situ XRF analysis near the liquid-liquid interface was demonstrated. A glas container of solution 
sample was translated by using a Z-axis stage. Therefore， both needle-type collimators could be introduced 
into the solution at a speci白cdepth. 
A HCI solution (6 M) including Fe (1000 ppm) and Cu (1000 ppm) was prepared. Methyl-isobutyl-ketone 
(MIBK) was used to extract the Fe from the HCl solution. After the extraction， a depth analysis was 
performed for the two-phase solution (MIBK and HCl) for a measuring time of 100 s， ata needle distance of 
200μm and a step size of 200μm. 
Figure 5 (a) shows the normalized intensity profile of Cu Kαand Fe Kαas a function of the scanned 
distance. When the analytical area was in aqueous HCl phase， only the Fe Kαand Ks peaks were observed， 
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as shown in Fig. 5 (b). Figs. 5 (c) and (d) show XRF spectra obtained at the HCL-MIBK interface and the 
MIBK phase， respectively. As shown in Fig. 5 (a)， in-situ micro-XRF method confirmed that the Fe that 
original1y existed in the HCl solution was extracted into the MIBK solution. 
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Fig. 5 Normalized intensity profiles of Cu KαandFeKαas functions ofscanned distance (a); XRF 
spectra measured at HCl solution phase (b)， liquid-liquid interface (c)， and MIBK phase (d). 
4. Conclusions 
A micro-XRF method using injection needle-type col1imators based on titanium was proposed. The needles 
were attached to the x-ray tube and to the detector side. Itwas found that the optimum needle distance 
depended on the energy ofthe x-ray fluorescence. The detection limits ofFe， Cu， Zn， and Pb were evaluated 
to be 6.1 ppm， 3.7 ppm， 6.5 ppm and 2.0 ppm， respectively. Elemental depth analysis near the liquid-liquid 
interface was performed after the Fe was extracted企omthe HCl to MIBK phase. XRF spectra were 
successfuly measured at di百erentdepths. 
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